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Abstract—  This  paper  results  clipping  and  filtering  technique 
for peak to average power ratio (PAPR) reduction in orthogonal 
frequency division multiplexing (OFDM). Our simulation results 
show  that  this  technique  removes  inband  and  out  of  band 
distortion  along with  1dB  reduction  in  peak  to  average  power 
ratio when crest ratio changes from 1.4 to 1.2. 
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I.   INTRODUCTION 
Single carrier modulation techniques which are used in 3G 
are  not  suitable  for  high  data  rate  because  they  suffer  from 
problems  such  as inter  symbol  interference,  time  dispersion, 
selective fading etc. are faced [1]. To overcome these problems 
multicarrier modulation technique OFDM is used. Orthogonal 
frequency  division  multiplexing  technique  (OFDM)  is  most 
popular  one  which  support  parallel  data  transmission  and 
overcome  the  problems  faced  in  single  carrier  modulation 
technique[3]. Due to advancements in DSP and in VLSI fast 
Fourier  transform  becomes  possible to implement  in  OFDM 
system. OFDM is potential candidate for 4G, where speed of 
data  up  to  2  GBPS  can  be  achieved.  It  is  an  efficient 
technology  for  wireless  communications  and  used  in  many 
wireless standards like IEEE 802.11, Broadcast radio Access 
network  (BRAN),  Digital  audio  broadcasting,  digital  video 
broadcasting, WLAN, WIMAX and in military applications. 
Major  disadvantage  of  OFDM  system  are  high  peak  to 
average power ratio and intercarrier interference. High PAPR 
occur when signal is converted into time domain through IFFT 
the resulting signal is sum of n number of subcarrier and the 
peak of resulted signal becomes n times higher than normal 
averaged  signal[4].  Power  amplifier  becomes  saturate  when 
this  large  signal  peak  is  given  to  it.  Thus,  causing 
intermodulation  distortion  in  the  transmitted  signal. 
Intermodulation distortion can be reduced by Operating power 
amplifier  at  the  transmitter  in  linear  range.  Such  power 
reduction or power back off results in inefficient operation of 
the OFDM system [6]. 
Other  major  problem  in  OFDM  system  is  intercarrier 
interference which arises due to lose of orthogonality among 
the subcarrier in the system. Due to Doppler spread ICI come 
into  existence.  PAPR  can  be  reduced  by  many  techniques 
among them some are categorized as [7]. 
A.  Signal Distortion Technique 
This  technique  includes  clipping,  Peak  windowing,  Peak 
cancellation,  companding  etc.  Clipping  technique  is  the 
simplest technique to reduce PAPR but this method may affect 
Bit  Error  Rate  of  transmitted  signal  so  it  exhibit  nonlinear 
behavior [4]. 
B.  Coding Techniques 
These techniques are based on selection of code words for 
the transmitted signal and the code word of smallest PAPR is 
selected  for  transmission.  Reed  mullar  codes,  Goley 
complementary  sequence  etc  are  the  example  of  these 
techniques [3]. 
C.  Symbol Scrambling Techniques 
 These techniques are based on scrambling sequence and 
follow  linear  processes.  OFDM  signals  are  scrambled  with 
different scrambling sequence and lowest PAPR sequence is 
selected  for  transmission.  At  the  receiver  side  descrambling 
process is carried out. Due to increase in efficiency as extra 
circuitry  is  required  and  circuit  becomes  more  complex.  So 
computational complexity increases in these techniques SLM, 
PTS  are  the  example  of  these  techniques.  [3-9].  The  block 
diagram which is used for OFDM system is shown in figure 1 
[3]. 
 
Figure 1.   OFDM signal transmission block diagram 
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II.  OFDM SYSTEM DESCRIPTION 
The  simulation  of  OFDM  system  is  performed  in  which 
subcarriers are represented by N. The value of N is to be taken 
as  128.  The  guard  interval  is  taken  of  length  32.  The 
modulation technique is chosen as QAM. Oversampling rate 
taken as L=8. To remove the out of band distortion in samples, 
L should be equal to or greater than 4. The bandwidth w is 
divided  into  N  smaller  narrow  sub  band  having  frequency 
spacing f=1w/N. Modulation technique  QAM is used  having 
symbol rate of 1/f. All the subcarriers are orthogonal to each 
other having separation between adjacent carriers equal to n/T. 
The  OFDM  signal  can  be  created  by  applying  IFFT  to 
modulated signal. The input information bits are represented 
by () Sk  referred  as  data  point  and  modulated  symbol  k c
 is 
represented for  th k
 subcarrier [1]. The OFDM samples can be 
represented  by 
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Oversampling  can  be  achieved  by  padding  the  original  input 
with  zeroes.The  clipping  signal  having  threshold  value  is  A.  
Active carriers of same complex valued is taken as signal set A 
with same variance. The inactive carrier can be made zero for 
better power density spectrum of the transmitted signal [2]. 
III.  CLIPPING TECHNIQUES 
It is simplest approach for reduction of PAPR in OFDM 
system. The amplitude of signal can be clipped upto desired 
level  before  amplification.That  can  be  achieved  at  baseband 
using soft envelope limiter. Amplitude Clipping is nonlinear 
process and it may create problems like inband distortion and 
outband distortion. In band distortion affect the ofdm system 
by  degrading  the  bit  error  rate  and  outband  distortion  may 
deteriorate  spectral  efficiency.  Filtering  after  clipping  can 
reduce  out  of  band  raditation  to  maximum  extent,  but  also 
produces some peak regrowth in the filtered signal.  Aliasing 
problem  is  faced  in  clipping  after  filtering  which  can  be 
reduced by adding zeros in original input called zero padding. 
To  improve  the  bit  error  rate  and  spectral  efficiency  some 
techniques can be used  like Forward Error Correcting codes 
and band pass filtering with clipping  [1]. 
A.  Clipping and Filtering of Oversampled Signals 
Clipping  and  filtering  is  performed  digitally  on  an 
oversampled ofdm Signal 
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Let J >1,  J= oversampling  factor  S(k) is the samples of 
s(t)    corresponding  to  a  given  block  of 
data
T c=[x(0),x(1)…………x(n-1)]  
The  oversampled  data  sequence 
T  S=s(0),s(1), ………………s(Jn-1) can  be  generated 
as  the  IFFT  of  the  zero  padded  data  block zp c ,  which  is 
obtained by extending C with(j-1)N zeros.  
T  c =[c(0),c(1) ……c(N-1), 0,0,0…0]   zp  
Each  sample  s  (k)  is  clipped  by  a  soft  envelope 
limiter. k j
ke
   be  the  representation  of  s(k)  in  polar 
coordinates,  the  output  from  the  limiter  is  given 
by
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Normalization of clipped signal can be represented as 
signal input of value square mean Root
level Clipping
p
A
in
   Wher
e  in p  is average power of the unclipped samples represented 
as           
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OFDM  signal  can  be  modeled  as  a  zero  mean  circularly 
symmetric  complex  Gaussian  process,  the  amplitude  k   is 
Rayleigh distributed and average power of the clipped samples 
turns  out  to  be  in out P e P ) 1 (
2      
If  = ,it  behaves  as 
in out P P  (without clipping)  
The oversampled approach has the advantage of reducing 
inband  distortion  and  peak  regrowth  to  some  extent,  but 
generates out of band radiation . Out of band radiation can be 
removed as follows: 
Clipped samples are to be passed through a low pass filter  
T
f jN s s s s S )] 1 ( ....... )......... 2 ( ), 1 ( ), 0 ( [    
It produces vector  
T 1)] - .y(N … … … … … … … y(1) [y(0), = Y   
of time domain samples , which can be extended by cylic 
prefix(cp)  and  fed  to  D/A  converter.  The  sequence  f S  is 
transformed  in  the  frequency  domain  through  FFT  operation 
which produces the following vector of length JN 
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Clipping is performed with an oversample rate J>1 
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Out of band radiation can be removed by discarding the last 
(J-1) N elements of  p C  while leaving the first N elements. 
  [ (0), (1), (2).................... ( 1),
( ), ( 1)............ ( 1)]
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Clipping is performed with an oversample rate J >1 
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Out of band radiation can be removed by discarding the last 
(J-1)  N  elements  of  Cp ,  while  leaving  the  first  N  elements , 
Cp  is transformed back in the time domain through an N point 
IDFT, which gives sequence  () yt  of N modified time domain 
samples 
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So  it  eliminates  out  of  band  radiation  with  oversampling 
factor J.As  clipping  is a  non  linear process  so  it  introduces in 
band  dis tortion  also  called  clipping  noise  and  out  of  band 
radiation  and  intercarrier  interference,   which  degrades  the 
system  performance  and  the  spectral  efficiency   [8].  The 
clipping noise is related to the difference between the original 
signal  () Sk andCp  the clipped signal . The signal sent to the 
receiver is the clipped signal, which is different from the signal 
which  has actually  sent. This  difference can  be measured by 
the signal to clipping noise ratio(SCNR) 
2
2
()
p
p
C
SCNR
S k C


 
It shows the difference between the clipped and unclipped 
signal. The more the signal is clipped the larger the difference 
between the clipped and unclipped signals and so SCNR can be 
decreased.  Smaller  the difference  make SCNR  will  increase. 
There are further more clipping techniques which are used in 
OFDM system are as follows: 
B.  Repeated Clipping 
 The clipping technique is the simpler one which is used to 
cut the signal peak upto desired threshold level. But repeated 
clipping and filtering technique proved to be worthy one as it 
gives better result compared to earlier one. In this technique the 
peak  regrowth  which  is  generated  in  filtering  can  be 
minimized. So the repeated clip and filter process reduces these 
regrowths in ofdm system [4]. 
C.  Reconstruction of Lost Clipped Signal 
To  remove  the  peak  regrowth  of  signal  oversampled 
sequence  clipping  is  used  which  can reconstruct the  clipped 
samples  and  mitigate  the  clipping  distortion  in  presence  of 
channel  noise  at  the  cost  of  bandwidth  expansion.  It  is 
observed that by increasing small bandwidth , the performance 
of  OFDM  system  can  be  improved  .  PAPR  is  the  biggest 
problem in OFDM system. Many techniques are proposed for 
it.  Clipping  and  filtering  technique  is  considered  to  be  the 
simplest one [9]. 
D.  Reed Solomon (rs) Method  
This  method  is  also  used  in  papr  reduction.  This  is 
decoding method, used for reconstruction of clipped signal in 
multicarrier systems for high value of SNR. This method is 
very sensitive to additive noise. 
E.   Least Square Method 
This is decoding method which is used for reconstruction of 
clipped signal in multicarrier systems. It is more robust method 
against channel noise. 
F.   Iterative Clipping & Filtering Technique 
This technique is used to eliminate the peak regrowth due 
to  CF  technique.  In  each  iteration  peak  regrowth  decreases 
significantly. The process of iteration undergoes FFT/IFFT and 
one extra IFFT is required for conversion into time domain in 
OFDM [10].              
G.  Recursive Clipping and Filtering with Bounded Distortion 
(rcfbd) 
In  RCF  the  signal  is  clipped  by  repeating  process  many 
times before feeding to power amplifier. When the process of 
repetition exhibit on the signal the out of band spectral density 
and the probability of the occurance of PAPR decreases but 
error rate increases due to increase in number of repetitions. 
The  bit  error  rate  increases  due  to  increase  in    inband 
distortion.  So  to  remove  this  increased  error  rate  another 
improved technique is proposed called recursive clipping and 
filtering with bounded distortion (RCFBD) to achieve PAPR 
reduction. The idea of this technique is same as oversampled 
digital  clipping  in  time  domain  and  removing  out  of  band 
components  in  frequency  domains  are  used.  But  additional 
barrier  on  in  band  distortion  of  each  subcarrier  is  applied 
during the recursive process. In this way PAPR can be reduced 
without producing any affect on the error rate [9]. 
RCFBD  minimize  PAPR  and  keeps  the  control  on  the 
distortion of data carried by each subcarrier. So by using this 
technique side information can be eliminated and receiver part 
becomes less complex and BER performance can be increased 
more. It is also more robust against AWGN noise [11]. 
H.  Adaptive Baseband CFR Technique: 
 CFR done separately on each carrier before upconversion  
measurement  taken  at  interpolated  baseband  to  determine 
which delayed baseband symbols to modify [3]. 
IV.  SIMULATION RESULT 
In  this  section,  the  PAPR  performance  is  evaluated  by 
simulations. In this simulation QAM symbols are fed as input 
to  the  OFDM  system.  In  proposed  clipping  technique  using 
crest ratio 1.4 the PAPR is reduced up to 4dB compared to 
unclipped signal. The frequency response is shown in figure 3, 
which shows reduction of amplitude of signal up to 4.Further it 
is shown in figure 5 that when crest ratio is reduced by factor 
.2, PAPR further can go down upto 1dB.  International Journal of Electronics Communication and Computer Technology (IJECCT) 
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The algorithm for clipping is as follows: 
1)  Convert  the  OFDM  symbol  to  time  domain  as  IFFT. 
Note that oversampling is needed. 
2) Clip to the threshold  
3)  The  clipped  OFDM  signal  then  filtered  using 
butterworth filter. 
4) Convert to time domain and transmit it. 
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Figure 2.   Frequency response OFDM signal without clipping 
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Figure 3.   Frequency response Clipped signal  
 
Figure 4.    PAPR CCDF  of clipped and unclipped signal with crest ratio 1.4 
 
Figure 5.   PAPR CCDF of clipped and unclipped signal with crest ratio 1.2 
V.  CONCLUSIONS 
Multicarrier  communication    technique  is  powerful  and 
efficient  which  support  high  speed  of  data  in  dispersive 
communication channel. The PAPR problem which is major 
issue  in  OFDM  system  affects  the  performance  of  system. 
Many  techniques  have  been  suggested  and  in  proposed 
technique it has been shown that PAPR is reduced upto 5dB 
when crest ratio changes to 1.2 
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